Specialization of the auditory cortices for pure tone listening may develop with age. In adults, the right hemisphere dominates when listening to pure tones and music; we thus hypothesized that (a) asymmetric function between auditory cortices increases with age and (b) this development is specific to tonal rather than broadband/non-tonal stimuli. Cortical responses to tone-bursts and broadband click-trains were recorded by multichannel electroencephalography in young children (5.1 6 0.8 years old) and adolescents (15.2 6 1.7 years old) with normal hearing. Peak dipole moments indicating activity strength in right and left auditory cortices were calculated using the Time Restricted, Artefact and Coherence source Suppression (TRACS) beamformer. Monaural clicktrains and tone-bursts in young children evoked a dominant response in the contralateral right cortex by left ear stimulation and, similarly, a contralateral left cortex response to click-trains in the right ear. Responses to tone-bursts in the right ear were more bilateral. In adolescents, peak activity dominated in the right cortex in most conditions (tone-bursts from either ear and to clicks from the left ear). Bilateral activity was evoked by right ear click stimulation. Thus, right hemispheric specialization for monaural tonal stimuli begins in children as young as 5 years of age and becomes more prominent by adolescence. These changes were marked by consistent dipole moments in the right auditory cortex with age in contrast to decreases in dipole activity in all other stimulus conditions. Together, the findings reveal increasingly asymmetric function for the two auditory cortices, potentially to support greater cortical specialization with development into adolescence.
speech (Shannon, Zeng, Kamath, Wygonski, & Ekelid, 1995) , while spectral information of music is important for tonal pitch perception (Zatorre et al., 2002) . Different processing of these temporal and spectral sound features, which are the basic properties of sound, are first observed in the auditory brainstem (Escabı & Schreiner, 2002; Van Gisbergen, Grashuis, Johannesma, & Vendrik, 1975) . Temporal information is maintained by high fidelity afferent synapses from the anteroventral cochlear nucleus (Griffiths, Uppenkamp, Johnsrude, Josephs, & Patterson, 2001 ), whereas spectral information can be coded by slower responding neurons such as in the dorsal cochlear nucleus (Reiss, Bandyopadhyay, & Young, 2007) . This early stage of preferential processing of temporal versus spectral features of sound continues in the cortex, as temporal features evoke stronger responses in the left auditory cortex whereas spectral features more strongly activate the right auditory cortex. This has been called the spectral-temporal trade-off model (Jamison, Watkins, Bishop, & Matthews, 2006; Okamoto, Stracke, Draganova, & Pantev, 2009; Schonwiesner, Rubsamen, & von Cramon, 2005; Zatorre & Belin, 2001) . Considering that Fourier transforms require short time windows for high temporal resolution but long time windows for fine spectral resolutions, it is plausible that cortical processing optimized for the temporal domain may be achieved at the expense of the spectral domain and vice versa. Therefore, the left and right auditory cortices may adopt short and long time windows for processing complex sounds to enhance temporal and spectral resolutions, respectively (Zatorre et al., 2002) . Focusing on cortical processing of temporal envelopes in speech, the multi-resolution model postulates that similar short and long temporal integration windows are used to extract fast phoneme rate modulations around 40 Hz in the left hemisphere and slow syllable rate modulations around 4 Hz in the right hemisphere, respectively (Boemio, Fromm, Braun, & Poeppel, 2005; Poeppel, 2003; Poeppel, Idsardi, & van Wassenhove, 2008) . Both phonemes and syllables are important factors for speech perception and in this model, the left and right auditory cortices concurrently analyze temporal cues related to phonemes and syllables, respectively. Some degree of hemispheric asymmetry likely already exists in infancy. Early left hemispheric specialization for meaningful speech sounds versus backward speech (i.e., non-meaningful) sounds has been observed in infants (Dehaene-Lambertz, Dehaene, & Hertz-Pannier, 2002; Peña et al., 2003) . Moreover, cortical processing of prosodic information in speech sounds was found to lateralize to the right hemisphere in infants (Homae, Watanabe, Nakano, Asakawa, & Taga, 2006) . Consistent with the multi-time-resolution model, the right hemisphere in infants appears to preferentially process slow syllable rate modulations (Telkemeyer et al., 2009; Telkemeyer et al., 2011) . In combination, these findings are consistent with the high capacity of native language acquisition within the first year of life (Jusczyk, 2000; Kuhl, 2004) . On the other hand, cortical processing for fast phoneme rate modulations becomes increasingly left-lateralized (Bishop, 2013; Minagawa-Kawai, Cristi a, & Dupoux, 2011) , which suggests immaturity relative to the well-established adult pattern of hemispheric asymmetries to auditory input.
Most previous studies used binaural sound stimuli to investigate hemispheric specialization; however, in this study, we evaluated hemispheric specialization using monaural stimuli. Recently, we reported that monaural tone-burst stimuli evoked right hemisphere dominant activation for both left and right ear stimulation in 16 adolescents with normal hearing (average age of 15.9 6 6.4 years old) (Jiwani, Papsin, & Gordon, 2016) , which indicates that monaural stimulation reveals cortical asymmetries in normal hearing adolescents. By contrast, the same monaural tone-burst stimuli evoked larger responses in the auditory cortex contralateral to the ear of stimulation in a cohort of seven younger children with normal hearing (average age of 11.0 6 2.2 years old) (Gordon, Wong, & Papsin, 2013) . These cohorts were control groups in studies evaluating cortical development in deaf children after cochlear implantation in response to tone-bursts. A more robust study was therefore warranted to investigate development of hemispheric lateralization.
In this study, development of right hemispheric specialization to tone-bursts was compared to broadband click-train stimuli in a group of young children (3-6 years) and adolescents (12-17 years old). We focused on these age groups because previous histological (Harris & Shepherd, 2015; Moore & Guan, 2001; Moore & Linthicum, 2007) and electrophysiological studies (Moore & Linthicum, 2007; Pang & Taylor, 2000; Ponton, Eggermont, Khosla, Kwong, & Don, 2002) provide evidence for maturation of cortical networks important for hemispheric specialization between 6 and 12 years of age in the human auditory cortex. Auditory thalamo-cortical afferents included in this network are structurally mature between 3 and 5 years of age, while intrahemispheric and trans-callosal interhemispheric networks, mediated by pyramidal neurons in the superficial layers II and III, develop between 6 and 12 years of age (Harris & Shepherd, 2015; Moore & Guan, 2001; Moore & Linthicum, 2007) . Functional maturation of the intra-and interhemispheric networks in the auditory cortex results in an emergence of a negative reflection at around 100 ms (an N1 wave) in cortical auditory evoked potentials (CAEP) between 7 and 12 years of age (Moore & Linthicum, 2007; Pang & Taylor, 2000; Ponton et al., 2002) .
It is plausible that these changes in cortical circuits underlie the aforementioned development of sensitivity to sounds with harmonic and tonal information between young children and adolescents (CostaGiomi, 2003; Giannantonio et al., 2015; Peretz et al., 1998) .
We hypothesized that (a) asymmetric function between auditory cortices would increase with age and (b) this development would be specific to tonal rather than broadband/non-tonal stimuli. Results revealed (a) an early (by 5 years of age) dominance of the right auditory cortex to monaural 500 Hz tone-bursts but not broadband clicks and (b) development of hemispheric asymmetry into adolescence driven by activity which remains consistent in the right auditory cortex.
| M A TER I A LS A N D M ETH OD S

| Participants
Eleven children (Child Group; mean age 6 SD: 5.1 6 0.8 years old, 4 girls and 7 boys) and 21 adolescents (Adolescent Groups; 15.2 6 1.7 years old, 13 girls and 8 boys) participated in the study. Cortical responses were evoked by both click-train and tone-burst stimuli in all 11 children of the Child Group and in six of the Adolescent Groups (Table 1) .
Cortical responses were recorded in another nine adolescents in response to click-trains alone and in six adolescents in response to tone-bursts alone. Data from the latter 6 adolescents were included in a previous study (Jiwani et al., 2016) . In total, there were 15 adolescent participants in the click-train condition (Adolescent-click Group) and 12 adolescent participants in the tone-burst condition (Adolescent-tone Group). None of the participants reported past history of otological or neurological diseases. All participants were right-handed except for one in the Child Group and one in the Adolescent-tone Group. The study protocol was approved by the Hospital for Sick Children's Research Ethics Board.
| Multichannel recording of cortical responses
Cortical responses were evoked by 36 ms long tone-bursts (500 Hz) and click-trains (100 ms clicks presented at a rate of 250 clicks/s) delivered at 1 Hz by ER3-14A insert earphones (Etymotic Research, Elk Grove Village, IL) to each ear separately. Stimuli were presented at 50 dB above behavioral threshold (dB SL) and the order of click and toneburst presentation was counter balanced. As in previous studies (Easwar, Yamazaki, Deighton, Papsin, & Gordon, 2017a,b) , EEG responses from 62 cephalic electrodes referenced to the right earlobe were recorded using NeuroScan v4.5 with a Synamps-II amplifier during passive listening (Compumedics USA, Inc., Charlotte, NC). Participants watched a silent subtitled movie, read a book, or played games on a tablet with minimal movement. The sampling rate for cortical recording was 1,000 Hz and an online bandpass filter between 0.15 and 100 Hz was used. Epochs with amplitudes over 6100 lV at a vertex cephalic electrode (Cz) were rejected. For each condition, a minimum of 250 accepted sweeps with at least two visually replicable response traces were obtained.
| Source localization of cortical evoked peaks
The Time Restricted, Artefact and Coherence source Suppression (TRACS) beamformer (Wong & Gordon, 2009 ) was used to estimate and localize dipole activity underlying each peak in the cortical responses ( Figure 1 ). The TRACS beamformer was developed from Lin- The EEG waveforms at Cz (earlobe reference) and the corresponding global field power (GFP; standard deviation of the potentials at all electrodes) were used to identify each peak. The near-baseline amplitude before and after each GFP peak was used to define the beginning and ending boundaries, respectively, of the time window used to locate cortical activity underlying each peak. As the immature first peak, P1, which we call iP1 in this study, gradually changes to a P1-N1-P2 complex during childhood and adolescence (Pang & Taylor, 2000) , time windows were determined to contain the iP1 peak in the Child Group and one of P1, N1, and P2 peaks in the Adolescent Groups. Beginning and end times and length of each iP1, P1, N1, and P2 time window are shown in Supporting Information, Table 1 .
Details of the TRACS beamformer analysis have been described previously (Gordon et al., 2013; Jiwani et al., 2016; Wong & Gordon, 2009 ). In brief, the TRACS beamformer estimates the neuronal activity (dipole moments and latencies) in each of 64,000 brain spaces (3 3 3 3 3 mm voxels) from the multichannel surface EEG data with an averaged electrode-reference. To increase accuracy of the computation of lead potentials for each dipole, a three-layer boundary element model mesh was created to simulate the geometry and conductivities of the brain, skull, and scalp. Age-appropriate head model template MRIs were made using the template-O-matic toolbox (Wilke, Holland, Altaye, & Gaser, 2008) . To normalize the signal-to-noise ratio of each voxel, a pseudo-Z statistic was obtained by dividing the sample signal mean by the standard deviation of the prestimulus activity between 2200 and 280 ms (Vrba & Robinson, 2001 ). Then, a one-tailed omnibus t test (Petersson, Nichols, Poline, & Holmes, 1999) To focus on the brain responses above baseline activity, we used post-omnibus pseudo-Z values (POPZs) calculated by subtracting the omnibus value from the corresponding pseudo-Z value in each voxel.
When the pseudo-Z value was smaller than the omnibus value, the POPZ was defined as zero. In a pseudo-Z map, POPZs from all voxels were plotted into an axial image on the age-appropriate head model templates to visualize cortical activity over the whole brain, with dark red indicating highest signal-to-noise ratios and blue indicating baseline cortical activity (POPZ of zero). The range of peak POPZ was similar in the young group of children as in adolescents (peak POPZ Similar to our previous studies using the TRACS beamformer (Gordon et al., 2013; Jiwani et al., 2016) , voxels with the highest POPZ were selected from the left and right auditory cortices for each child and the dipole moments and latency of these voxels were used for further analyses. This procedure is consistent with previous EEG and magnetoencephalography (MEG) studies (Ackermann, Hertrich, Mathiak, & Lutzenberger, 2001; Jin, Ozaki, Suzuki, Baba, & Hashimoto, 2008; Mäkelä et al., 1993; Ponton et al., 2002; Woldorff et al., 1999) .
| Comparison of peak dipole moments and latencies between left and right hemispheres
Peak dipole moments and corresponding latencies were identified in left and right auditory cortices as defined by MNI coordinates:
X < 255, 235 < Y < 5, 210 < Z < 20 mm (left) and 55 < X, 235 < Y < 5, 210 < Z < 20 mm (right) (Jiwani et al., 2016) . Ten voxels within each area with the highest POPZ from each participant were averaged for analyses.
Lateralization of the evoked cortical activity in each participant was quantified using cortical lateralization scores (CL scores) for each peak evoked by either click-trains or tone-bursts. CL scores, which range from 2100 to 100%, were calculated using the following for- 
| Statistics
Peak dipole moments and dipole latencies were evaluated using threeway repeated measures analyses of variance (ANOVA) to determine the within-subject effects of (a) stimulus type, stimulated ear and hemisphere side for the Child Group and (b) time window, stimulated ear and hemisphere for the two Adolescent Groups (listening to click-train or tone-burst stimuli). Post-hoc analyses included paired t tests corrected for multiple comparison bias using false discovery rate (FDR) (Benjamini & Hochberg, 1995) . CL scores were analysed using (a) twoway repeated measures ANOVA to evaluate the effects of stimulus type and stimulated ear in the Child Group and (b) three-way mixed ANOVA to assess the within-subject factors of response peak and stimulated ear and the between-subject factor of the two Adolescent Groups. A one sample t test was conducted between 0 and CL scores in each condition to evaluate whether cortical activity significantly lateralized to either hemisphere (p < .05). To assess chronological changes In the Child Group, monaural click-trains and tone-bursts evoked immature CAEP waveforms at Cz consisting of iP1 and iN2 peaks. Across the Adolescent Groups, mean Cz waveforms evoked by click-trains and tone-bursts exhibited mature CAEP waveforms containing 2 positive (P) and 2 negative (N) peaks: P1, N1, P2, and N2. In all groups, GFP waveforms showed peaks corresponding to the each peak in the Cz waveform. (c) Topographic maps at the iP1 peak latency. (d) Topographic maps at P1, N1, and P2 peak latencies in the Adolescent Groups. Tone-evoked surface potentials are similar between the stimulated ears at all peak latencies, while click-trains evoked different surface potential patterns between the stimulated ears in dipole moments in the left and right auditory cortices for each stimulus condition, an exponential regression analysis was performed using
, where Y was the dipole moment and X was the participant age in years. Exponential regression was used because the auditory cortex should continue to be active to sound with age (i.e., dipole moment would never reach nil). In total, there were 24 regression anal- stimulation, respectively, compared to the opposite ear stimulation (Figure 1d ).
3.2 | Tone-bursts from the right ear show bilateral rather than contralateral activation of auditory cortices in young children In summary, contralateral activity showed stronger activity at shorter latencies when evoked by either click-trains or tone-bursts from the left ear of young children. While the same contralateral dominant pattern was evoked by click-trains presented to the right ear, the contralateral dominance was not evident for tone-bursts presented to the right ear.
| Dominance of right auditory cortex continues to develop into adolescence
Pseudo-Z maps derived from responses evoked by both click-trains and tone-bursts are plotted for both Adolescent Groups (Figure 3a ).
Higher POPZs in the contralateral temporal cortices were evident in adolescents during all 3 time windows listening to click-trains (similar to results in the Child Group shown in Figure 2a ). By contrast, activity was greater in the right temporal area for tone-bursts presented to either ear during all 3 time windows. This was confirmed by mean 6 1 SE dipole moments in these groups of adolescents (Figure 3b ). In the (Figure 3b ). Table 2 .
In summary, click-trains and tone-bursts presented to the left ears of adolescents evoked stronger dipole activity in the contralateral right than ipsilateral left auditory cortex, as also measured in the Child Group. In contrast to the Child Group, however, dipoles evoked by right ear tone-burst stimulation were greater in magnitude (averaged across P1, N1, and P2 time windows) and later (during the P2 time window) in the ipsilateral right auditory cortex than the contralateral left auditory cortex in adolescents. In adolescents listening to click-trains, more symmetric activity was detected in response to right than left ear stimulation.
| Developmental changes in hemispheric asymmetry
CL scores were calculated for both left and right ear stimulation for each participant, as shown in Figure 4a . In the Child Group, CL scores Table 3 .
Peak dipole moments are plotted as a function of chronological age in each condition ((a) click-trains; (b) tone-bursts). Dipole moments during the iP1 in Child Group were compared with those at each P1, N1, and P2 time windows in the Adolescent Groups (top, middle, and bottom columns, respectively). An exponential regression line using log-transformed dipole moments in the left and right auditory cortices (visualized by blue triangles and red circles, respectively) are shown by blue and red lines, respectively. Solid and dotted lines indicate significant (p < .05) and non-significant correlations, respectively. Dipole moments decrease with age for most parameters evoked by left ear stimuli. On the other hand, age-dependent decreases in amplitude upon right ear stimulation are evoked by click-trains but not by tone-bursts in the right auditory cortex
In summary, left ear stimulation evoked a contralateral dominant pattern of cortical responses to both click-trains and tone-bursts regardless of age. By contrast, cortical responses evoked by the right ear stimulation differed across stimuli and age, and dominance of ipsilateral right hemispheric activity was evident only in the tone-burst condition in adolescents.
| Sustained use of right auditory cortex occurs with age despite developmental decreases in dipole moment
To address mechanisms underlying developmental changes in cortical responses to monaural sounds, the chronological change in dipole magnitude in each auditory cortex (blue triangles and red circles for the left and right auditory cortices, respectively) was examined for changes with age ( Figure 5 ). Because the immature first peak, iP1, in young children gradually changes into the P1-N1-P2 complex evident in adolescents, dipole moments underlying iP1 were compared with dipole moments for P1, N1, and P2 peaks individually. Nonlinear exponential regression analyses revealed a best fit to log-transformed dipole moments and age across conditions (details in Table 2 ).
Dipole moments evoked by click-trains (Figure 5a 
| D ISC USSION
Data from this study demonstrated that hemispheric dominance in cortical activity is revealed by type of monaurally presented stimulus and changes with age. These findings suggest that cortical specialization for tonal sounds develops throughout childhood into adolescence.
| Hemispheric dominance in cortical activity is revealed by type of monaural stimulation
A novel aspect of this study was the use of monaural stimuli in children to assess hemispheric asymmetries as compared to many other studies using binaural sound stimuli (Belin et al., 1998; Boemio et al., 2005; Howard & Poeppel, 2009; Hyde, Peretz, & Zatorre, 2008; Jamison et al., 2006; Okamoto et al., 2009; Zatorre et al., 2002) . Studies using monaural sound stimuli in adults also showed trends of right hemispheric dominance for spectral sounds with less clear findings than those observed in the binaural studies (Hine & Debener, 2007; Jin et al., 2008; Mäkelä et al., 1993; Woldorff et al., 1999) . This can likely be attributed to an emphasis of anatomical contralaterality of the central auditory system in response to monaural rather than binaural input.
This pattern of cortical responses to monaural tonal stimulation differs slightly from our results in the Adolescent-tone Group, who show clear right hemispheric dominance regardless of stimulated ear (Figures 3b and 4b) . Perhaps this reflects an increased sensitivity for hemispheric differences in our beamforming method. By using the TRACS beamformer (Wong & Gordon, 2009) , sources of evoked neural activity were evaluated with a spatial resolution of 64,000 3 3 3 3 3 mm voxels while taking into account coherent sources across hemispheres.
By evaluating activity across the whole brain, and taking into account coherent sources, the present beamformer analysis may be particularly sensitive to detecting hemispheric specialization in the auditory cortices relative to previous methods (Hine & Debener, 2007; Jin et al., 2008; Mäkelä et al., 1993) .
| Early emerging specialization of the right auditory cortex for tonal stimulation
In the Child Group, click-trains-evoked stronger dipole moments in the contralateral auditory cortex than ipsilateral cortex, regardless of stimulated ear (Figure 2b ). These results are consistent with a contralateral dominant pattern of cortical responses to monaural stimulation reported in animals (Kral, Hartmann, Tillein, Heid, & Klinke, 2002; Mrsic-Flogel, Versnel, & King, 2006) and human adults using click (Celesia, 1976 ) and noise stimuli (Gutschalk & Steinmann, 2015; Langers, van Dijk, & Backes, 2005) . This cortical pattern likely reflects the anatomical organization of the auditory pathways in which the majority of afferent neural project from the cochlea to the contralateral auditory cortex (Aitkin, 1990; Langers et al., 2005) .
Relative to the click trains, the tone-bursts evoked cortical responses were more weighted to right auditory cortex in the Child
Group. This expands from findings of contralaterally dominant responses to tone-bursts in a smaller group of children with a wider age range than the present cohorts (Gordon et al., 2013) . In this study, children were passively listening and the order of stimulus presentation was counter balanced so the change in pattern of cortical activation likely reflects the distinct features of the two types of sound stimuli. There are both spectral differences between the broadband click (1-9000 Hz and shaped by the transducer/earphone) and frequency specific tone-burst centered at 500 Hz and temporal differences (slower onset and offset in tone-burst than click-train).
The increased role of the right auditory cortex for processing the slower onset tonal stimulation is consistent with the multiresolution model in which longer temporal integration windows are used to extract slow spectral modulations (Boemio et al., 2005; Poeppel, 2003; Poeppel et al., 2008; Zatorre et al., 2002) . 
| Increasing role of the right auditory cortex for processing tones in adolescents
In the Adolescent Groups, dipole moments evoked by left ear stimulation were larger in the contralateral hemisphere for both click-train and tone-burst conditions. Right ear stimulation, however, activated both auditory cortices in the click-train condition while the ipsilateral right auditory cortex was predominantly activated in the tone-burst condition ( Figure 3b ). These results demonstrated that (a) cortical responses to tone-bursts are different from click-trains in both young children and adolescents and (b) emerging right hemispheric specialization to monaural tone-bursts in young children undergoes further development into adolescence.
Increasing hemispheric asymmetry for sound processing with age reflects continuing development of hearing into adolescence. Children have a high capacity for their native language acquisition during the first year after birth (Jusczyk, 2000; Kuhl, 2004) but do not have fully mature hearing. For example, frequency discrimination is poorer in young children (4-6 years of age) than adults (Jensen & Neff, 1993) and, consistent with this, perception of pitch in speech and music also develops with age (Costa-Giomi, 2003; Giannantonio et al., 2015; McDermott & Oxenham, 2008; Peretz et al., 1998; Schirmer & Kotz, 2006; Trainor & Unrau, 2012) . It is possible that music exposure and training can contribute to this development both in children who are typically developing (Giannantonio et al., 2015; Hannon & Trainor, 2007; Trainor, 2005) and in children with developmental challenges (Kraus & Chandrasekaran, 2010) . The role of music exposure/training on auditory function in the present cohorts was not explored.
4.4 | Tone-specific asymmetric decrease in dipole moment underlies development of right hemispheric specialization which is essential for maturation of the central nervous system after birth (Purves & Lichtman, 1980) . In the auditory cortex, synaptic density reaches its maximum level around 3 months of age, and then decreases between 3 and 12 years of age (Huttenlocher & Dabholkar, 1997) . Based on histological data, synaptic density in the auditory cortex between 12 and 15 years of age was 44%-70% of that found in 3-year-old children (Huttenlocher & Dabholkar, 1997) . The electrophysiological responses recorded in this study by surface electrodes reflect an open field of postsynaptic potentials from pyramidal neurons that lie perpendicular to the cortical surface (Luck, 2014) . A developmental decrease in synaptic density could thus explain the general age-related
decrease in dipole moment observed in this study. Another possible explanation for the age-related decrease in dipole moments is the development of local and upstream inhibitory circuits in the auditory cortex. Activity-dependent development of local GABAergic inhibitory circuits play important roles in refining cortical representation of sensory inputs in the visual cortex (Hensch, 2005) . In the auditory cortex, development of local inhibitory circuits is essential for development of fine spectral and temporal resolution (Chang, Bao, Imaizumi, Schreiner, & Merzenich, 2005; Froemke & Jones, 2011) . The right auditory cortex receives excitatory auditory input directly from the right medial geniculate nucleus and indirectly from the left medial geniculate nucleus via the left auditory cortex and corpus callosum (Carrasco et al., 2013; Reser, Fishman, Arezzo, & Steinschneider, 2000; Stephan, Fink, & Marshall, 2007) . Indirect pathways could play an increasing role for sound processing with age as the corpus callosum develops (Moore & Guan, 2001; Moore & Linthicum, 2007) . Latency differences can distinguish indirect from direct pathways given that interhemispheric transfer time mediated by the corpus callosum can be up to 20 ms depending on the type of task and sensory modality (Cherbuin & Brinkman, 2006; Fendrich, Hutsler, & Gazzaniga, 2004; Krumbholz, Hewson-Stoate, & Schonwiesner, 2007) . It is possible then that delayed but strong responses of the right auditory cortex to ipsilaterally presented tone-bursts (underlying the P2 peak) reflect a relay of activity from the left auditory cortex through indirect pathways involving trans-callosal interhemispheric projections.
| CON CL U S I ON
In conclusion, the results of this study indicate that right cortical specialization to monaural tone-bursts begins as early as 5 years of age and becomes increasing prominent with development by 15 years of age. This change is promoted by sustained peak activity in the right auditory cortex in response to tone-bursts in contrast to an overall decrease in sound evoked dipole moment with age. Possible strengthening and/or reduced inhibition in direct and indirect pathways to the right auditory cortex with age which could explain the present findings, should be explored in future studies.
